To investigate the feasibility of using isolated knee performance to measure the f-v profile of human muscle in vivo, we were using isokinetic dynamometry (IKD) technique that span the entire f-v profile of skeletal muscle. With institutional ethics approval, eleven healthy males (mean ± SD: age, 24.9 ± 3.1 years; body mass, 80.2 ± 10.1 kg; height, 176.2 ± 7.1 cm) completed this study. The participants were physically active and were familiarized with the techniques and protocol prior to completing 4 experimental sessions (1 introductory session and 3 repeated experiment sessions). The sessions was used a protocol of knee extensor function on IKD at isometric mode and angular velocities of 60˚.s -1 , 120˚.s -1 , 240˚.s -1 and 450˚.s -1 . IKD data were not significantly different across the 3 repeated trials, demonstrating there was no evidence of systematic bias. The average coefficient of variation (CV) of IKD was 9.3 ± 3.0% ranging from 7.0 to 15.7%. Therefore the isolated knee performance to measure the f-v profile of human muscle in vivo using the IKD was feasible.
1. INTRODUCTION
Techniques of the knee extensors
There are various techniques that can be implement to test the muscles capability to produce force with difference speed of contraction. Isokinetic testing can be used to investigate power output and also differences in the force-velocity profile of muscle groups. Isokinetic dynamometers control the velocity of joint flexion or extension by applying variable resistance throughout the range of motion. Therefore the velocity of joint rotation is constant, excluding acceleration to and deceleration from the designated velocity and the force is dependent on how hard the individual pushes against the load cell [1] . IKD can be used at low, moderate and high velocities depending on the different evaluations or programs and provides reliable data. Data acquisition and analysis have been improved by using computer systems interfaced to isokinetic dynamometers. Recently developed computer systems provide correction for gravitational and inertial errors, accurate computation of isokinetic parameters and real-time display of the torque output.
Isokinetic muscle contractions at velocities of 60, 180 and 300 deg/s and investigated difference in force output of weight lifters compared to untrained participants [2] . This study was designed to determine velocity-specific isokinetic forces and cross sectional areas of reciprocal muscle groups measured by B-mode ultrasonic apparatus in weight lifters (n = 34) and untrained male participants (n = 31). Force declined at higher velocity movements (as expected from muscle force-velocity curve) in both sedentary individuals and Olympic weight lifters. However, this effect was less pronounced in Olympic weight lifters and this trend may be due to adaptations induced by their training regimen, which places emphasis on high velocity movements. These findings suggest isokinetic dynamometry could be used to study the force velocity profile of human muscle groups in vivo but first we wanted to confirm that a commercial isokinetic dynamometer was able to measure the entire range of velocities produced during knee extension.
Aim of this study
We conducted force-velocity and power-velocity analyses of isolated knee exercise using standard isometric and IKD and test the reliability at these measurements. If these are found to be reliable we can use this protocol as the main physiological assessment in subsequent studies.
EXPERIMENTAL
Measurement on isokinetic dynamometry
Participants
Eleven male participants with different sporting backgrounds (e.g sprinter, rugby player, footballer etc.) participated in this study, which was approved by LJMU ethics committee reference number 12/SPS/013. The mean (± SD) age, height, body mass were 24.9 ± 3.1 years, 176.2 ± 7.1 cm and 80.2 ± 10.1 kg, respectively. Participants were questioned on their training history and the Physical Readiness Questionnaire (PAR-Q; [3] ) was used as a screening tool to assess each volunteer's level of physical fitness and ability to engage in physical activity.
Each participant was required to perform 4 sessions (1 introductory session and 3 repeated experiment sessions). The session were used isokinetic dynamometry of knee extension movement at 5 different velocities. All measurements were performed at the same time of day for each participant to limit diurnal variation [4] .
Isokinetic dynamometry
IKD was performed at different velocities to investigate the reliability of data across f-v curve.
Knee extension and flexion performance was measured according to standard protocols using an isokinetic dynamometer (Multi-Joint System 3 Pro; Biodex Medical Systems, New York, USA). Strict adherence to the guidelines of the Biodex isokinetic dynamometer operations manual was followed. Participants were familiarized with use of the dynamometer and testing routine of quadriceps and hamstrings stretching exercises. After a 5 minutes rest on completion of the warm-up, the participants were instructed to continue with the testing procedure.
The participant was seated; leaning against a backrest inclined at 16˚ from vertical and with the seat inclined 6˚ from horizontal. The axis of the knee was aligned with the axis of the Biodex dynamometer exercise arm. The accuracy of alignment was checked by allowing the participant to extend the leg while pushing against the shin pad that was positioned over the lower third of the leg. If the pad did not move up or down the leg over the range of motion to be tested, the knee was considered to be aligned with the axis of the lever arm.
The participant's position was secured using thigh, pelvic and torso straps in order to minimize body movements during the test procedure. Shoulder straps were applied diagonally across the chest with the participant's arms crossed and their palms on opposite shoulders to minimize excessive upper body movement and muscular substitution. The lateral femoral epicondyle was used as a bony landmark for matching the axis rotation of the knee joint and the axis rotation of the dynamometer shaft.
Each participant used the same radius for each test but the angular velocities were tested in a different order for each session using balanced Latin Square design. . Participants were asked to do 3 repetitions of extension and flexion for each angular velocity. One minute rest was given between each After completing the isokinetic test, participants were asked to remain at the same position and rest for 5 minutes. Meanwhile the protocol was changed to isometric mode. The participants performed isometric contractions at a static knee joint angle at 60°. They were instructed to extend their knee "as fast and hard as possible" and sustain the maximal voluntary isometric contraction for two seconds. The participants were asked to do 3 repetitions with 60 seconds rest between each attempt.
Data analysis
The data were analysed using Statistical Package for Social Sciences (SPSS) version 17.0 software (SPAA v.17, SPSS Inc, Chicago). To assess reliability across the three testing, one way ANOVA analysis repeated measures was used to analyse the main effects of time.
Bonferroni test for multiple comparisons was used to determine the differences when one way ANOVA repeated measure showed a significant effect of time. Significance level was set at <0.05, and all data were presented as mean + SD. Furthermore we look at the reproducibility.
Typically reproducibility is expressed as a coefficient variation (CV) relative to measurement value. There are various methods of calculating CV, the simplest method is with data from repeated measurements on a single case, where the standard deviation (SD) of the error is divided by the total mean and multiplied by 100 [5] .
RESULTS AND DISCUSSION
Test re-test reliability of IKD measurements was assessed using repeated measures ANOVA and the coefficient of variation (CV) was calculated for major parameters. IKD data (Table 1) were not significantly different across the 3 repeated trials, demonstrating there was no evidence of systematic bias. Moreover, post-hoc analysis comparing trials 1-2, 1-3 and 2-3 did not reveal significant random effects. The average CV of IKD parameters was 9.38 ± 3.0 % ranging from 7.0 to 15.7 %. Data are presented as means ± SD; n = 11 participants averaged from 3 separate test sessions.
Isokinetic dynamometry (IKD) was performed at 5 different velocities: 0 (isometric), 60, 120, 240 and 450˚.s -1 . Data presented are peak torque (Nm) and average power (W) over 3 kicks during knee extension.
The overall aim of this study was to investigate the reliability of data produced by IKD of knee extension and flexion movement. To assess the reliability of IKD data, ANOVA with repeated measures including a correction for 'sphericity' [5] was used for assessing systematic bias across repeated [5, 6] . In the present study, after 3 repeated sessions of the isokinetic dynamometry testing, one way ANOVA for repeated measures revealed that there was no significant difference across the 3 sessions for any of the performance variables that were recorded.
Typically reproducibility is expressed as a coefficient variation (CV) relative to measurement value. There are various methods of calculating CV, the simplest method is with data from repeated measurements on a single case, where the standard deviation (SD) of the error is divided by the total mean and multiplied by 100 [7] . The use of CV assumes that the largest test-retest variation occurs in the individuals scoring the highest values on the test [8] . Some scientists have arbitrarily chosen an analytical goal of the CV being 10% or less [9] . This does not mean that all variability between tests is always less than 10% of the mean. In the current work, percentage of CV was below 10% except on 60˚.s -1 (12.7%) and 240˚.s -1 (15.7%) isokinetic knee extension average power (W). A study on reliability of measures obtained during countermovement jumps that all CV were below 10% [10] . In most parameters in this study showed no significant different in CV% with current study, for instance peak torque (Nm) and avarage power (W).
CONCLUSION
We investigated the reliability of isolated knee performance measures across the f-v profile of human muscle encompassing a range of velocities using isokinetic dynamometry (IKD). The reliability of the measure of knee extensor performance was acceptable (<15 % CV).
